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Introduction {#sec005}
============

The choroid is comprised of blood vessels, melanocytes, fibroblasts, resident immunocompetent cells and supporting collagenous and elastic connective tissue. The clinical significance of the choroid includes nourishing the outer retinal layers, regulating temperature and involvement in the pathogenesis of many blinding diseases such as age-related macular degeneration, polypoidal choroidal vasculopathy, Vogt-Koyanagi-Harada disease and myopic retinopathy \[[@pone.0179579.ref001]\]. Studies also suggested that the subfoveal choroid may intricately be involved in the development of myopia, one of the most common eye disorders worldwide nowadays \[[@pone.0179579.ref002],[@pone.0179579.ref003],[@pone.0179579.ref004]\].

Choroidal thickness can be measured noninvasively *in vivo* using spectral-domain optical coherence tomography (OCT) \[[@pone.0179579.ref005]\]. Using enhanced depth imaging technique, previous studies on adults have reported the normal values of subfoveal choroidal thickness (SFCT) and their associations with age, refractive error, axial length and gender \[[@pone.0179579.ref006]--[@pone.0179579.ref011]\]. Clinical studies on adults showed that lower best corrected visual acuity was associated with a thinner choroid (also called leptochoroid), in particular with a subfoveal choroid thinner than 30 μm \[[@pone.0179579.ref012]\], and that some macular diseases are associated with an abnormal SFCT. To cite examples, patients with central serous chorioretinopathy had a thickened SFCT in the affected eye as well as in the contralateral unaffected eye \[[@pone.0179579.ref013],[@pone.0179579.ref014]\], patients with polypoidal vascular choroidopathy showed an increased SFCT in association with a dilatation of the large choroidal vessels \[[@pone.0179579.ref015]--[@pone.0179579.ref018]\], patients idiopathic subfoveal choroidal neovascularization showed an abnormally thick SFCT which decreases after intravitreal ranibizumab injection \[[@pone.0179579.ref019],[@pone.0179579.ref020]\], patients after a non-arteritic anterior ischemic optic neuropathy had an abnormally thin SFCT \[[@pone.0179579.ref021]\], and patients with age-related macular degeneration, long-standing retinal vein occlusions, open-angle glaucoma or with diabetes and diabetic retinopathy exhibited a normal thickness of the subfoveal choroid \[[@pone.0179579.ref022]--[@pone.0179579.ref025]\]. In pilot studies, SFCT was additionally correlated with estimated cerebrospinal fluid pressure and cognitive function in adults \[[@pone.0179579.ref026],[@pone.0179579.ref027]\]. Choroidal thickness in the subfoveal region and in the peripapillary region decreased significantly parallel to an acute increase in intraocular pressure in a dark room adaptation test \[[@pone.0179579.ref028]\]. Some recent investigations on children suggested that the morphology of the choroid and its associations with ocular and general parameters differed between adults and children \[[@pone.0179579.ref029]--[@pone.0179579.ref031]\].

Despite the large volume of studies, including population-based investigations, on choroidal thickness in adults, there is a paucity of data on choroidal thickness in children recruited in population-based or school-based studies. Most of the previous studies on children were hospital-based and had a relatively small sample size, leading to a potential bias by a referral bias \[[@pone.0179579.ref029]--[@pone.0179579.ref037]\]. We therefore conducted the present study to examine the choroidal thickness in children with recruitment of the study participants on the basis of school attendance and to assess associations of choroidal thickness with other ocular and general parameters. We choose as study site an oasis city in the Gobi Desert, with the next settlement located at a distance of about 400 km. The advantage of this study site was that all schools in the oasis city could be included into the study and that due to the low mobility of the study participants and their families to move out of the city, the city population had remained constant for a relatively long time. Since the population of the city included Mongolian descendants as well as Han Chinese, the study design additionally offered the possibility of an inter-ethnic comparison. Since choroidal thickness is markedly affected by refractive error, since previous studies suggested a potential role of the choroid in the process of myopization, and since recent investigations showed an association between school children myopia and lifestyle, we also examined lifestyle-related parameters such as the ratio of indoors to outdoors activities and the level and intensity of education, to test the hypothesis whether staying predominantly indoors versus outdoors or whether the level of education was associated choroidal thickness \[[@pone.0179579.ref002],[@pone.0179579.ref007]--[@pone.0179579.ref012],[@pone.0179579.ref038]\].

Methods {#sec006}
=======

The Gobi Desert Children Eye Study was a school-based cross-sectional study performed in the city oasis of Ejina, locating in the most western part of the Chinese province of Inner Mongolia at 100.90° to 101.42° East longitude and from 41.85° to 42.50° North latitude. With extremely arid conditions, the study area belongs to the north temperature climate zone with a mean annual precipitation of approximately 40 mm and a mean pan evaporation of 3700 and 4000 mm. Average winter temperature minimums are close to −40°C, while summertime temperatures are warm to hot, with highs that range up to 50°C. The next settlement is located in a distance of approximately 400 km. Ejina can be reached by train (15 hours from Hohhot, the capital of Inner Mongolia) and by road. The study complied with the Helsinki declaration and was approved by the Ethics Board of the Affiliated Hospital of Inner Mongolia Medical University Hohhot and the local Administration of the Education and School Board of Ejina. Written informed consent was obtained from the parents or guardians of all children.

The study has been described in detail previously \[[@pone.0179579.ref039],[@pone.0179579.ref040]\]. In short, the study included all three available schools in Ejina, the Ejina Primary School (911 students), the Ejina Middle school (765 students), and the Ejina Minority School (235 students)), and consisted of altogether 1911 children. There was no exclusion criterion. The ophthalmological examinations included assessment of best corrected visual acuity, slit lamp-based examination of the anterior ocular segment by an ophthalmologist, tonometry (non-contact tonometer; Canon TX-F Full-Auto Tonometer, Canon Co., Tokyo, Japan), and examination of ocular motility, binocularity and presence of strabismus. Cycloplegic refractometry was performed using an auto-refractometer ion (ARK-900, NIDEK, Tokyo, Japan) after instilling 1% cyclopentolate eye drops (Alcon, Ft. Worth, USA) at least three times. Refractometry and tonometry were performed three times and the mean value of the measurements was recorded and used for statistical analysis. Fundus photography and optical coherence tomography were carried out after pupil dilation. Systemic examinations included measurement of body height (using a stadiometer) and body weight, heart rate and blood pressure (using an automatic blood pressure monitor (YE655A, YUYUE, Jiangsu, China)). The parents of the children were interviewed using a standardized questionnaire which included questions on the profession, level of education, income and ethnic background of both parents, the birth weight, birth age and type of birth of the children, and whether oxygen was supplied after birth. Glasses worn by the parents were measured as an estimate of their refractive errors. The interview also included questions on the number of school days per week, sleeping time and duration, time spent outdoors before going to school, time, duration and type of travelling to and from school, time spent outdoors at school before the school started, time and duration of school work, time spent outdoors at school and time spent outdoors at home after finishing the school work, type of activities when being outdoors, and time spent indoors with reading or writing for school work, reading at pleasure, working on the computer, watching television, indoors sport or other indoors activities.

Spectral domain optical coherence tomography (Spectralis^®^, Wavelength: 870nm; Heidelberg Engineering Co., Heidelberg, Germany) with enhanced depth imaging modality was performed after pupil dilation. The horizontal section running through the center of the fovea was selected for measurement of choroidal thickness, which was defined as the vertical distance between the hyperreflective line of Bruch's membrane and the hyperreflective line of the inner surface of the sclera. The measurements were carried out using the built-in software. For each eye, choroidal thickness was measured at five locations: subfoveal, at 1000μm and at 2500μm nasal to the fovea, and at 1000μm and at 2500μm temporal to the fovea.

The spherical equivalent of the refractive error was defined as the spherical value of refractive error plus one half of the cylindrical value. Body mass index was calculated as the ratio of body weight (expressed in kg) divided by the square of body height (expressed in meter). The mean arterial blood pressure was defined as diastolic blood pressure plus one third of the difference between systolic blood pressure and diastolic blood pressure. Myopia was defined as a spherical equivalent of refractive error of ≤-0.50 diopters.

Statistical analysis was carried out using the SPSS-for-Windows software (version 22.0; IBM-SPSS, Chicago, IL, USA). Descriptive statistics included mean, standard deviation, median, range, and percentages and were presented where appropriate. The normal distribution of parameters was tested by the Kolmogorov-Smirnov test. In the case of not normally distributed parameters, the Mann-Whitney test was applied to examine the statistical significance of differences between un-paired groups. The Chi-square test was used to compare proportions. The paired Student´s-t-test was applied to compare choroidal thickness measured at different locations of the same eye or to assess the inter-eye difference of the same individual. Linear regression analysis was applied to examine associations between choroidal thickness and other parameters such as age, refractive error and body mass index. *P*-values represented results for 2-sided tests, with values less than 0.05 considered statistically significant.

Results {#sec007}
=======

Out of 1911 primarily eligible children, 346 refused the examination, so that 1565 (81.9%) children eventually participated in the study, among whom 1463 (93.5%) children underwent EDI OCT examination for measuring choroidal thickness. The mean age of the 1463 participants \[746 (51.0%) boys\] was 11.8 ± 3.5 years (median: 11.5 years; range: 7 to 21 years). There were 1127 (77.0%) Han students and 336 (23.0%) students of non-Han Chinese ethnicity including Mongolian, Hui, Man, Tibetan and Tujia. Mean refractive error (spherical equivalent) was -1.20 ± 2.03D (median: -0.63 diopter, range: -12.75 to +6.63 diopters) for right eyes and -1.12 ± 2.02 diopters (median: -0.50 diopter; range: -13.00 to +7.13 diopters) for left eyes. The prevalence of myopia defined as refractive error ≤-0.50D, ≤-1.00D, and ≤-6.00D in the more myopic eye was 58.4 ± 1.3%, 48.0 ± 1.3%, and 3.0 ± 0.4%, respectively. Compared with the participants with available EDI OCT images, the children without EDI OCT images were significantly older (11.8 ± 3.5 versus 12.8 ± 2.8 years; *P* = 0.004) and had a higher proportion of non-Han Chinese ethnicity (23.0% versus 67.6%; *P*\<0.001). Both groups did not differ significantly in gender (51.0% versus 54.0% boys; *P* = 0.57) and in refractive error (-1.20 ± 2.03 diopters versus -1.01 ± 1.95 diopters; *P* = 0.37).

The mean subfoveal choroidal thickness was 282 ± 49 μm and 281 ± 51μm for right and left eyes, resp., with no significant difference between both eyes (*P* = 0.80). Choroidal thickness was thickest at 1000μm temporal to the fovea (286 ± 49μm), followed by the subfoveal region (282 ± 49 μm; *P*\<0.001), the region at 2500μm temporal to the fovea (278 ± 49μm; *P*\<0.001), the region at 1000μm nasal to the fovea (254 ± 49μm, *P*\<0.001) and the region at 2500μm nasal to the fovea (197 ± 50μm; *P*\<0.001) ([Table 1](#pone.0179579.t001){ref-type="table"}).

10.1371/journal.pone.0179579.t001

###### Choroidal thickness (μm) at different retinal locations in the Gobi Desert Children Eye Study.
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                       Subfoveal Choroidal Thickness (μm) (Right Eye)   Choroidal Thickness at 1000μm Nasal to the Fovea (Right Eye)   Choroidal Thickness at 2500μm Nasal to the Fovea (Right Eye)   Choroidal Thickness at 1000μm Temporal to the Fovea (Right Eye)   Choroidal Thickness at 2500μm Temporal to the Fovea (Right Eye)   Subfoveal Choroidal Thickness (μm) (Left Eye)   Choroidal Thickness at 1000μm Nasal to the Fovea (Left Eye)   Choroidal Thickness at 2500μm Nasal to the Fovea (Left Eye)   Choroidal Thickness at 1000μm Temporal to the Fovea (Left Eye)   Choroidal Thickness at 2500μm Temporal to the Fovea (Left Eye)
  -------------------- ------------------------------------------------ -------------------------------------------------------------- -------------------------------------------------------------- ----------------------------------------------------------------- ----------------------------------------------------------------- ----------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------- ---------------------------------------------------------------- ----------------------------------------------------------------
  n                    1463                                             1463                                                           1463                                                           1463                                                              1463                                                              1463                                            1463                                                          1462                                                          1463                                                             1463
  Mean                 282                                              254                                                            197                                                            286                                                               278                                                               281                                             256                                                           202                                                           282                                                              268
  Median               284                                              256                                                            196                                                            287                                                               278                                                               283                                             257                                                           203                                                           282                                                              269
  Standard Deviation   49                                               49                                                             50                                                             49                                                                49                                                                51                                              51                                                            50                                                            50                                                               47
  Minimal Value        91                                               87                                                             60                                                             117                                                               111                                                               105                                             83                                                            61                                                            26                                                               13
  Maximum Value        417                                              407                                                            388                                                            430                                                               431                                                               473                                             437                                                           392                                                           466                                                              442

In the cross-sectional analysis, the mean subfoveal choroidal thickness increased with older age from 288 μm at the age of 7 years to 304 μm at the age of 11 years. At an older age, choroidal thickness decreased with higher age, starting from a choroidal thickness of 298 μm at the age of 12 years to a choroidal thickness of 258 μm at the age of 18+ years ([Table 2](#pone.0179579.t002){ref-type="table"}). The dip of the SFCT curve at the age of 14 was related to the significant increase in myopia in the same age group ([Fig 1](#pone.0179579.g001){ref-type="fig"}). The mean refractive error for the age groups of 12, 13, 14 and 15 years was -1.30, -1.52, -2.31 and -2.17 diopters, resp. ([Table 2](#pone.0179579.t002){ref-type="table"}). In univariate analysis, subfoveal choroidal thickness was significantly associated with the systemic parameters of younger age (*P*\<0.001), male gender (*P*\<0.001), non-Han Chinese ethnicity (*P* = 0.003), lower body height (*P*\<0.001), lower body weight (*P*\<0.001), lower body mass index (*P*\<0.001), lower systolic blood pressure (*P*\<0.001), lower diastolic blood pressure (*P*\<0.001), lower mean blood pressure (*P*\<0.001) and higher pulse rate (*P* = 0.001), and with the ocular parameters of higher hyperopic refractive error (*P*\<0.001) and higher corneal refractive power (*P*\<0.05) ([Table 3](#pone.0179579.t003){ref-type="table"}).

10.1371/journal.pone.0179579.t002

###### Subfoveal choroidal thickness (μm), prevalence of myopia and mean refractive error (spherical equivalent, diopters) in the Gobi Desert Children Eye Study.
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  Age (Years)   n      Mean   Standard Deviation   Minimum   Maximum   Prevalence of Myopia   Mean Spherical Equivalent
  ------------- ------ ------ -------------------- --------- --------- ---------------------- ---------------------------
  7.00          108    288    38                   196       385       .20                    .18
  8.00          145    290    38                   192       386       .23                    .05
  9.00          140    293    44                   202       414       .36                    -.20
  10.00         148    296    45                   205       402       .46                    -.51
  11.00         112    304    44                   172       408       .58                    -.81
  12.00         140    298    55                   166       417       .64                    -1.30
  13.00         117    280    54                   91        407       .70                    -1.52
  14.00         124    251    51                   130       374       .83                    -2.31
  15.00         100    267    43                   142       375       .76                    -2.17
  16.00         105    275    54                   140       399       .78                    -1.90
  17.00         78     273    47                   144       352       .87                    -2.58
  18+           146    258    46                   126       362       .78                    -2.24
  Total         1463   282    49                   91        417       .58                    -1.20

10.1371/journal.pone.0179579.t003

###### Univariate analysis for associations of subfoveal choroidal thickness in the Gobi Desert Children Eye Study.
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  Associations                                     *P*-Value   Standardized Regression Coefficient Beta
  ------------------------------------------------ ----------- ------------------------------------------
  Age (Years)                                      \<0.001     -0.24
  Gender                                           0.10        -0.04
  Ethnicity                                        0.003       0.08
  Body Height (cm)                                 \<0.001     -0.22
  Body Weight (kg)                                 \<0.001     -0.18
  Body Mass Index (kg(m^2^)                        \<0.001     -0.09
  Systolic Blood Pressure (mmHg)                   \<0.001     -0.14
  Diastolic Blood Pressure (mmHg)                  \<0.001     -0.11
  Mean Blood Pressure (mmHg)                       \<0.001     -0.13
  Pulse Rate                                       0.001       0.09
  Birth Weight (g)                                 0.46        0.02
  Refractive Error (Diopters)                      \<0.001     0.34
  Best corrected ETDRS VA of right eye             0.80        0.01
  Corneal keratometry, Steep Meridian (Diopters)   0.01        0.07
  Corneal keratometry, Flat Meridian (Diopters)    0.027       0.06
  Intraocular Pressure (mmHg)                      0.22        0.03
  Time Spent Outdoors (Hours)                      0.67        -0.01
  Time Spent Indoors (Hours)                       0.14        -0.04

![Subfoveal choroidal thickness (After Adjusting for Refractive Error) Stratified by age in the Gobi Desert Children Eye Study.](pone.0179579.g001){#pone.0179579.g001}

The multivariate analysis included subfoveal choroidal thickness as dependent variable and as independent variables all those parameters which were significantly with choroidal thickness in the univariate analysis. Due to collinearity, we first dropped step-by-step body weight (variance inflation factor (VIF): 63.3) and body height (VIF: 6.1). Due to a lack of statistical significance, we then dropped mean blood pressure (*P* = 0.24), systolic blood pressure (*P* = 0.24), pulse rate (*P* = 0.38), mean blood pressure (*P* = 0.53) and body mass index (*P* = 0.06). In the final model, thicker subfoveal choroidal thickness remained to be significantly (regression coefficient r: 0.38) associated with younger age (*P*\<0.001; beta: -0.10; B: -1.39; 95%CI: -2.14, -0.64), male gender (*P* = 0.03; beta: -0.05; B: -5.33; 95%CI: -10.1, -0.53), higher hyperopic refractive error (*P*\<0.001; beta: 0.31; B: 7.61; 95%CI: 6.29, 8.93), higher corneal refractive power (*P*\<0.001; beta: 0.12; B: 3.68; 95%CI: 2.12, 5.24), and non-Han Chinese ethnicity (*P* = 0.03; beta: 0.05; B: 6.16; 95%CI: 0.50, 11.8) ([Table 4](#pone.0179579.t004){ref-type="table"}). If the total time spent indoors (*P* = 0.80) and the total spent outdoors (*P* = 0.16) were added to the multivariate analysis, both parameters were not significantly associated with subfoveal choroidal thickness.

10.1371/journal.pone.0179579.t004

###### Multivariate analysis for associations of subfoveal choroidal thickness in the Gobi Desert Children Eye Study.
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  Parameters                            *P*-Value   Standardized Regression Coefficient Beta   Non-Standardized Regression Coefficient B   95% Confidence intervals of B   Variance Inflation Factor
  ------------------------------------- ----------- ------------------------------------------ ------------------------------------------- ------------------------------- ---------------------------
  Age (Years)                           \<0.001     -0.10                                      -1.39                                       -2.14, -0.64                    1.25
  Gender (Men / Women)                  0.03        -0.05                                      -5.33                                       -10.1, -0.53                    1.04
  Refractive Error (Diopters)           \<0.001     0.31                                       7.61                                        6.29, 8.93                      1.25
  Corneal Refractive Power (Diopters)   \<0.001     0.12                                       3.68                                        2.12, 5.24                      1.06
  Ethnicity (Han-Chinese / Others)      0.03        0.05                                       6.16                                        0.50, 11.8                      1.02

As thicker subfoveal choroidal thickness, thicker choroidal thickness at 2500 μm nasal to the fovea increased (r: 0.36) with younger age (*P* = 0.003; beta: -0.08; B: -1.16; 95%CI: -1.93, -0.38), higher hyperopic refractive error (*P*\<0.001; beta: 0.30; B: 7.50; 95%CI: 6.15, 8.86), higher corneal refractive power (*P*\<0.001; beta: 0.11; B: 3.70; 95%CI: 2.10, 5.30), and non-Han Chinese ethnicity (*P* = 0.009; beta: 0.07; B: 7.74; 95%CI: 1.92, 13.6), while it was not significantly associated with gender (*P* = 0.14; beta: -0.04; B: -3.70; 95%CI: -8.64, 1.25). If the total time spent indoors (*P* = 0.50) and the total spent outdoors (*P* = 0.91) were added to the multivariate analysis, both parameters were not significantly associated with subfoveal choroidal thickness. Thicker choroidal thickness at 2500 μm temporal to the fovea increased (r: 0.24) with male gender (*P* = 0.001; beta: -0.09; B: -8.60; 95%CI: -13.5, -3.66), higher hyperopic refractive error (*P*\<0.001; beta: 0.19; B: 4.65; 95%CI: 3.29, 6.00) and higher corneal refractive power (*P* = 0.004; beta: 0.08; B: 2.35; 95%CI: 0.75, 3.95), while it was not significantly associated with ethnicity (*P* = 0.06; beta: 0.05; B: 5.70; 95%CI: -0.12, 11.5) and age (*P* = 0.15; beta: -0.04; B: -0.56; 95%CI: -1.34, 0.21). If the total time spent indoors (*P* = 0.34) and the total time spent outdoors (*P* = 0.46) were added to the multivariate analysis, both parameters were not significantly associated with choroidal thickness at 2500 μm temporal to the fovea.

Mean ratio of choroidal thickness at 1000 μm nasal to the fovea to subfoveal choroidal thickness (0.90 ± 0.06; range: 0.66, 1.23) decreased with older age (*P* = 0.01; beta: -0.07; B: -0.001; 95%CI: -0.002, 0.000). If the total time spent indoors (*P* = 0.60) and the total time spent outdoors (*P* = 0.39) were added to the multivariate analysis, both parameters were not significantly associated with choroidal thickness. In a similar manner, mean ratio of choroidal thickness at 2500 μm nasal to the fovea to subfoveal choroidal thickness (0.70 ± 0.13; range: 0.28, 1.23) decreased with older age (*P* = 0.001; beta: -0.09; B: -0.003; 95%CI: -0.005, 0.001). If the total time spent indoors (*P* = 0.20) and the total time spent outdoors (*P* = 0.18) were added to the multivariate analysis, both parameters were not significantly associated with choroidal thickness.

The mean ratio of choroidal thickness at 1000 μm temporal to the fovea to subfoveal choroidal thickness (1.02 ± 0.06; range: 0.56, 1.37) increased with older age (*P*\<0.001; beta: 0.17; B: 0.003; 95%CI: 0.002, 0.003). If the total time spent indoors (*P* = 0.43) and the total time spent outdoors (*P* = 0.22) were added to the multivariate analysis, both parameters were not significantly associated with choroidal thickness. The mean ratio of choroidal thickness at 2500 μm temporal to the fovea to subfoveal choroidal thickness (0.99 ± 0.11; range: 0.54, 1.84) increased with older age (*P*\<0.001; beta: 0.21; B: 0.007; 95%CI: 0.005, 0.008) ([Fig 2](#pone.0179579.g002){ref-type="fig"}). If the total time spent indoors (*P* = 0.20) and the total time spent outdoors (*P* = 0.18) were added to the multivariate analysis, both parameters were not significantly associated with choroidal thickness.

![Graph showing the association between age and the ratio of choroidal thickness at 2500 μm temporal to the fovea and subfoveal choroidal thickness in the Gobi Desert Children Eye Study.](pone.0179579.g002){#pone.0179579.g002}

Discussion {#sec008}
==========

In the children of our cross-sectional school-based study, mean choroidal thickness was thickest at 1000μm temporal to the fovea (286 ± 49μm), followed by the subfoveal region (282 ± 49 μm; *P*\<0.001), the region at 2500μm temporal to the fovea (278 ± 49μm), the region at 1000μm nasal to the fovea (254 ± 49μm, *P*\<0.001) and the region at 2500μm nasal to the fovea (197 ± 50μm; *P*\<0.001). In cross-sectional analysis, mean subfoveal choroidal thickness increased with age from 288 μm at 7 years of age to 304 μm at 11 years of age, and then decreased to 258 μm at an age of 18 years. Thicker subfoveal choroidal thickness was associated with higher hyperopic refractive error (*P*\<0.001), younger age (*P*\<0.001), higher corneal refractive power (*P*\<0.001), male gender (*P* = 0.03) and non-Han Chinese ethnicity (*P* = 0.03). Mean ratio of choroidal thickness at locations nasal to the fovea to subfoveal choroidal thickness decreased with older age, while the mean ratio of choroidal thickness at locations temporal to the fovea to subfoveal choroidal thickness increased with older age. Time spent outdoors or time spent indoors was not significantly associated with any choroidal thickness parameter in multivariate analysis.

The mean thickness of the subfoveal choroid in our study population differed from the values reported in some previous studies. In the Copenhagen Child Cohort 2000 Eye Study, mean subfoveal choroidal thickness was 369 ± 81 μm in girls and 348 ± 72 μm in boys, which was higher than the mean value of 282 μm found in our study \[[@pone.0179579.ref030]\]. Potential reasons for the discrepancy may have been differences in age, refractive errors and ethnic background of the study participants. The Copenhagen Study included children aged 11--12 years and with a mean refractive error of +0.1 diopter, while the age of our study population varied from 7 to 21 years and the mean refractive error was -1.2 diopters. Using Swept source OCT, Nagasawa and colleagues examined 100 healthy Japanese children aged 3--15 years old and reported on a mean choroidal thickness of 260 ± 57 μm \[[@pone.0179579.ref029]\]. The measurement of subfoveal choroidal thickness reported from our study was almost identical to the value found in the Shandong Children Eye Study on 972 children with a mean age of 11.3 ± 3.3 years (range: 6--18 years), a mean axial length of 24.1 ± 1.6 mm (range: 16.6--28.8 mm) and a mean subfoveal choroidal thickness of 283 ± 67μm (range: 113--507μm) \[[@pone.0179579.ref031]\].

As in our study, the Shandong Children Eye Study revealed that the choroidal thickness was thicker (*P*\<0.001) at 500 μm temporal to the foveola (290 ± 67μm) than in the subfoveal region (283 ± 67μm) and that it was thinnest (*P*\<0.001) at 500μm nasal of the foveola (268 ± 67μm). In the investigation performed by Read and colleagues, 4- to 6-year-old children showed the thickest choroid (322 ± 60 μm) 1.5 mm superior to the foveal center. For the 7- to 9-year-olds the mean thickest choroid (344 ± 63 μm) was located in a superior-temporal location 0.8 mm from the foveal center. The thickest choroid of the 10- to 12-year-olds (350 ± 58 μm) was located along 0.9 mm temporal to the foveal center \[[@pone.0179579.ref033]\]. Sanchez-Cano and associates reported for young adults, that choroidal thickness was thickest in the region 1.5 mm superior to the foveola, followed by the temporal region and the subfoveal region \[[@pone.0179579.ref041]\]. In another study by Read on children, choroidal thickness was significantly the thickest (346μm) in the superior region and superior-temporal (341μm) location at a distance of 1 to 3 mm from the foveal center, and it was thinnest in the nasal region and inferior-nasal (306μm) area \[[@pone.0179579.ref035]\]. These findings were different from the observations made in adults, in whom the choroid was usually thickest in the subfoveal region, followed by the temporal region and superior region, and in whom choroidal thickness was thinnest in the nasal perifoveal region \[[@pone.0179579.ref007],[@pone.0179579.ref008],[@pone.0179579.ref042]\]. If the regional distribution of choroidal thickness is compared between children and adults, one may infer, as discussed recently, that the fovea of the retina in spatial relationship to the choroid may move into the temporal direction or that choroidal thickness locally adapts to the eventual location of the fovea in adults \[[@pone.0179579.ref031]\]. The increase in the ratio of temporal choroidal thickness to subfoveal choroidal thickness with older age up to an age of at least 18 years as shown in our study population may suggest that the re-arrangement of the choroid in terms of moving the location of the thickest choroidal thickness to the subfoveal region may occur after the age of 18 years ([Fig 2](#pone.0179579.g002){ref-type="fig"}). The ratio of nasal choroidal thickness to subfoveal choroidal thickness decreased in our young study population. It may be of interest for the discussion on the development of parapapillary alpha, beta and gamma zones, for which a thinning of the choroid has been described \[[@pone.0179579.ref043],[@pone.0179579.ref044]\].

The findings of our study agree with the observations made in previous investigations that choroidal thickness decreased with more myopic refractive error or with a longer axial length as surrogate for myopia, with female gender and with older age \[[@pone.0179579.ref007]--[@pone.0179579.ref010],[@pone.0179579.ref030],[@pone.0179579.ref031],[@pone.0179579.ref045]--[@pone.0179579.ref048]\]. The potential difference between adults and children may be that in adults, choroidal thickness decreased more or less linearly with older age, while in the children of our study population choroidal thickness increased up to an age of 11 years and then started to decrease ([Table 2](#pone.0179579.t002){ref-type="table"}). These results confirmed the findings obtained in previous smaller studies. Read and associates reported that the choroidal thickness increased with older age in a group of 194 children with an age of 4--12 years and in another group of 80 children aged 10--15 years \[[@pone.0179579.ref033],[@pone.0179579.ref035]\]. Bidaut-Garnier *et al*. examined 174 children with an age of 3.5 to 15 years and also found an increase in choroidal thickness with older age \[[@pone.0179579.ref036]\]. In a longitudinal study on 101 children aged 10 to 15 years observed over an 18-month period, Read and colleagues found a significant (*P*\<0.001) mean increase of 13 ± 22 μm in subfoveal choroidal thickness in hyperopic eyes and in myopic eyes, in addition to an association between thinner choroidal thickness and axial elongation \[[@pone.0179579.ref046]\]. In contrast, Nagasawa and colleagues reported that choroidal thickness decreased with age in their group of 100 children with an age of 3 to 15 years \[[@pone.0179579.ref029]\]. Chhablani and colleagues investigated 136 children with an age of 5--18 years and reported that the choroidal thickness decreased with age \[[@pone.0179579.ref049]\]. Lee and coworkers reported subfoveal choroid is prone to thinning with increasing age in a group of 40 children with an age of 4--17 years \[[@pone.0179579.ref050]\]. In our study with a larger sample size, a larger age range and in particular, with a population-based recruitment of the study participants, the mean subfoveal choroidal thickness increased with older age from 288 μm at the age of 7 years to 304 μm at the age of 11 years, and then started to decrease with further ageing to 258 μm at an age of 18 years. These age-related changes in choroidal thickness in association with age-related changes in choroidal thickness may potentially play a role in the yet unclear process of emmetropization and myopization \[[@pone.0179579.ref001],[@pone.0179579.ref002]\]. Since intraocular pressure may also influence choroidal thickness and since intraocular pressure also changes with older age in children, future studies may address the inter-relationship between these parameters of axial (optical) length, age, refractive error, intraocular pressure and subfoveal macular choroidal thickness \[[@pone.0179579.ref028]\].

As in adults, choroidal thickness in the children of our study population as well as in the populations of other children studies decreased with more myopic refractive error or with longer axial length. The Copenhagen Child Cohort 2000 Eye Study reported that a thinner choroidal thickness was associated with more myopic refractive error or shorter axial length \[[@pone.0179579.ref030]\]. Measuring choroidal thickness and axial length in 160 children, Zengin and associates reported that choroidal thickness was negatively associated with axial length \[[@pone.0179579.ref037]\]. Similar findings were reported by Herrera *et al*. and by Mapelli and coworkers \[[@pone.0179579.ref047],[@pone.0179579.ref048]\]. In our children study population, subfoveal choroidal thickness decreased by 9.5 μm (95%CI: 7.8, 10.3) for each year increase in myopic refractive error in univariate analysis, and by 7.6 μm (95%CI: 6.3, 8.9) for each year increase in myopic refractive error in multivariate analysis ([Table 4](#pone.0179579.t004){ref-type="table"}). In the Beijing Eye Study on adult individuals, subfoveal choroidal thickness decreased by 15.7 μm (95%CI: 13.9, 17.5) for every increase in myopic refractive error of 1 diopter beyond a refractive error of -1 diopter \[[@pone.0179579.ref009]\].

The associations between male gender and thicker choroidal thickness as found in our study has also been reported for adults and in children. In the Beijing Eye Study and the Singapore Malay Eye Study, subfoveal choroidal thickness was thicker in men than in women \[[@pone.0179579.ref008],[@pone.0179579.ref009]\]. In the Shandong Children eye Study, thicker choroidal thickness was associated with male gender, while in the study by Bidaut-Garnier and colleagues on a smaller group of children, choroidal thickness was independent of gender \[[@pone.0179579.ref031],[@pone.0179579.ref036]\].

Potential limitations of our study should be mentioned. First, since the study was performed in an oasis city which was definitely not representative for China, it did not supply normative data for the Chinese population. Second, although the Gobi Desert Children Eye Study had a reasonable response rate of 81.9%, the non-participants might have induced a selection bias. Third, only a horizontal OCT scan was performed, so that the topography of the choroidal thickness superior and inferior to the fovea was not assessed. Fourth, the participants of our study underwent the OCT examinations at various times of the day; the effect of circadian (diurnal) rhythm on choroidal thickness was not controlled in the study \[[@pone.0179579.ref051]\]. However, since these examinations were performed in a randomized manner with respect to what time they were performed, it might have been unlikely that the examination time introduced a bias. Fifth, the interview of parents on children's indoor/outdoor activity may be a rough and subjective estimation and measuring the refractive power of the glasses worn by parents may not be the most accurate or reliable approach to assess the parents' refractive error. However, this weakness in the study design may not have markedly affected the SFCT measurements or their interpretation. Sixth, previous investigations have suggested that myopic defocus may cause choroidal thickening, at least in chicken \[[@pone.0179579.ref001]\]. In our study population, the prevalence of myopia increased with older age, and some children did not wear their best correcting glasses. It may have led to the situation, that a myopic defocus was present in the older children of our study population and that this myopic defocus could potentially have produced a choroidal thickening. Seventh, axial elongation in myopia is associated with an increase in the vertical and horizontal globe diameters (about 0.20 mm per 1 mm axial elongation) \[[@pone.0179579.ref052]\]. It leads to an increase in the inner scleral surface area with increasing axial length, and secondary, due to geometrical reasons, to a thinning of the choroid. The thinning of the choroid with longer axial length may therefore, at least partially, be due to geometrical reasons.

In conclusion, in our cross-sectional study subfoveal choroidal thickness in children, in contrast to subfoveal choroidal thickness in adults and despite elongating axial length, showed a positive correlation with older age up to 11 years of age and then showed a negative correlation with further ageing until an age of 18 years. It suggests a positive relationship of choroidal volume with age up to the age of 11 years. In children, the choroid was thickest at 1000μm temporal to the fovea, followed by the subfoveal region, and this difference significantly increased with older age. In contrast, choroidal thickness nasal to the fovea in relationship to SFCT decreased with older age. Choroidal thickness in children was independent of lifestyle-associated parameters such as time spent indoors or outdoors.
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